In mammals, 16 members of the Fgf family have so far been described with diverse roles in embryonic cell growth and differentiation. Here, we report the expression from early streak stage to midgestation of two newly-identified murine genes, Fgf17 and Fgf18, that are most closely related to Fgf8 (63.7% and 56.8% identical, respectively, at the amino acid level). Fgf17 is expressed during gastrulation but at lower levels than Fgf8, while Fgf18 RNA is not expressed until later, in paraxial mesoderm. In the developing tail bud, each Fgf gene shows a different pattern of transcription. Distinct and overlapping expression patterns are also described in the developing brain and limbs.
Results
shows that during gastrulation and early somitogenesis up to E8.0 the expression of Fgf8 is essentially as described by Crossley and Martin (1995) , with the highest levels in the posterior primitive streak and then in the presumptive mid/hindbrain junction, presomitic mesoderm and developing heart (Fig. 1A ,D,G,J). Fgf17 is transcribed in a similar pattern but at a reduced level (Fig. 1B,E,H) . Fgf18 RNA cannot be detected during gastrulation, and differences in expression are also seen in the paraxial mesoderm, where Fgf18 transcripts are highest in the newly-formed somites and the very anterior region of the presomitic mesoderm (Fig. 1L) .
We also compared expression patterns during secondary neurulation in the tail bud of the E10.5 embryo. As shown histologically in Fig. 2 (top panel) there is a mass of undifferentiated mesenchyme at the tip of the tail bud. More anteriorly, this condenses and differentiates into neural tube, notochord, hindgut and somites (Schoenwolf, 1984; Gofflot et al., 1997) . Both Fgf8 and Fgf17, but not Fgf18, are expressed in the undifferentiated mesenchyme at the tip of the tail bud ( Fig. 2A-C) . In transverse section, both Fgf8 and Fgf 17 transcripts are localized to dorsal and central tail bud cells, although the distribution of Fgf17 transcripts may extend over a somewhat wider area. More rostrally, as the neural tube, notochord and hindgut differentiate, Fgf8 RNA gradually becomes localized to the ventral neuroepithelium and dorsal hindgut. By contrast, Fgf17 expression in the hindgut is more uniform. No Fgf18 expression is seen in the neural tube and hindgut, but transcripts are detectable in the presomitic mesoderm, the newly-formed somites and the ventrolateral mesoderm. By the time the somite has fully differentiated, however, Fgf18 expression has been downregulated and is no longer detectable.
Expression in the developing brain at E9.5 and 10.5 is illustrated in Fig. 3 . While transcripts for all three genes are detected in the mid/hindbrain region, detailed analysis shows that Fgf17 and 18 expression appears here later and at lower levels than Fgf8. Other overlapping sites of expression, in which Fgf8 transcripts predominate, include the prospective telencephalic commissural plate and the infundibulum of the hypothalamus. Unique expression domains are also seen. For example, Fgf18 RNA is present in the otic vesicle, trigeminal ganglion and dorsal root ganglia in the trunk. Unlike Fgf8, neither Fgf17 or 18 are expressed in the facial processes, foregut or nasal pit.
In the developing limb bud, Fgf8 is transcribed in the apical ectoderm ridge (Crossley and Martin, 1995; Fig. 3, this work) . Fgf18 transcripts could not be detected in this region (Fig. 4) , but are localized from E10.5 in a pattern suggesting a role in the development of muscle or tendon. No Fgf17 RNA could be detected at any stage.
Methods
Noon of the day of the plug is E0.5. Embryos from ICR mice (Harlan Sprague-Dawley) were dissected from decidual tissue and fixed for at least 2 h in 4% paraformaldehyde in PBS at 4°C, and then processed for whole mount in situ hybridization, or sectioned and hybridized with 35 S-labeled riboprobes, essentially as described by Hogan et al. (1994) . To compare expression patterns, we used adjacent sections and probes of the same length, hybridized under the same conditions. The murine Fgf8 plasmid was kindly provided by Dr. C. MacArthur. Both the Fgf17 and Fgf18 probes were previously described (Hoshikawa et al., 1998; Ohbayashi et al., unpublished data) .
35
S-labeled and digoxigenin-labeled riboprobes were synthesized from linearized plasmid in standard T3, T7, and SP6 RNA polymerase reactions (Hogan et al., 1994) . Fig. 1 . Expression of Fgf8, 17 and 18. Adjacent sections were hybridized with antisense riboprobes. Sections A-F were exposed for the same time. This was true also for sections G-I, while K and L were exposed for longer than J to enhance the signal. Anterior is to the left. (G-H) Transverse sections in the midstreak region; all other sections are sagittal. Note that no Fgf18 transcripts are detected during gastrulation stages. eee, extraembryonic ectoderm; h, heart; ps, primitive streak. 
